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SUMMARY W
&
p
Lift and drag characteristics have been determined in £1i in fhe
lending-approach configurstion on 41 jet~propelled fighter- airpldne
arrangements, including various wing boundary-~layer-control instellutions.
Minimum comfortable gpproasch speeds for carrier-type landings were evalu-
gted for these zirpianes by four test pilots. The reasson glven most
frequently for limiting (i.e., not reducing) aspproach speed was "insbility
to control sltitude®; the reason given second most frequently was Ystall
proximity." For airplanes limited by altitude controllsbility, none of
a number of simple criteria considered for predicting approach speed
enabled predictions within 5 knots for all the configurations. A cri-
terion in which the approasch speed was assumed to be 115 percent of the
power~approach stalling speed gave as good agreement with flight values B
as any of the criteria considered. Departures from predicted approach §
speeds gssumed to be 115 percent of the power-approach stalling speed E
were consistent with the presence of "secondary" favorable or unfavorablg o
factors. For several of the alrplsnes, approach speeds were selected on ’Q

the "back side" of the curve of thrust required against velocity, indi- &

cating that this condition does not of itself impose a lzl_mita.t
approach speed.

io ‘i% the
INTRODUCTION §EN N §
In recent years pllots have tended to incresse the landing speeds o

modern jet-propelied fighter airplanes in relation to the stalling speed
The higher landing speeds have, in turn, increased the requirements for

landing gear and carrier arvesting gear strength and for length of land
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Consequently, the Ames Aeronauticael Laboratory of the NACA has under-
teken a general program to study the problems associgted with the landing
approach. One of the objectives of this program is to develop means for
redneing the landing speeds. To this end, studies have been made both in
wind tunnels and in flight of various arrangements of boundary-layer-
cantrol (BLC) systems. As indicated in references 1 to § effective BLC
can reduce stalling speeds, and since the landing-approach speed i1s, in
a general way, related to the stalling speed, 1t is not surprising to
find that the landing-spproach speed was reduced correspondingly.

) Ancother objJective of the program is to identify the factors that
-contribute: to the selection of a particular spproach gpeed. Other reports
have listed many of the factors which pilots believe could be the princi-
pal reascus for not reducing approach speeds below selected values (see,
e.g., refs. 6 to 9). There still remains unsolved, however, the problem
of relating these factors to the approach speed quantitatively. A third
objective:of the Ames program is, then, tc develop satisfactory criteria
for predicting approach speeds quantitatively. Extensive flight investi-
gations ‘which have been conducted in connection with this brosd program
have yielded a consilderable amount of data. Data have been accumulated
on the 1lift-dreg characteristics of 4l fighter-type configurations,
including various BLC arrangements. The minimum comfortable approach
speeds in carrier-type approaches were selected by several pilots, and
the reasons given by the piiots for not reducing the spproach speeds
below the selected values were also determined. Supplementary studies
are being conducted on a landing-approach simulstor to ald in developing
approach-speed criteria (ref. 10).

The purposes of this report are to present the available lift-drag
data, to show the epplicabllity of various simple criteria for predicting
carrier-gpproach speeds, and to summarize - the reasons vwhy pllots 1imit
their approach speeds. .

SYMBOLS

Ax longitudinal acceleration, units of grevity, g
A, verticel acceleration, units of grevity, g
cr, 1ift coefficient, Tox”
Cr maximum 1ift coeffilcient

. dra
Cp drag coefficient, —E§§
D drag, 1b
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Fa gross engine thrust, 1b

hp horsepower

L 1ift, 1b

s wing area, sq ft

T thrust, 1b

v velocity, knots

W weight of airplane, 1b

We, mess flow of alr through engine, slugs/sec

q dynamic pressure, 1'b/sq Tt

(o} angle of attack, deg

Sp flep deflection, deg

o atmospheric density, slugs/cu £t

r flight~path angle, radians

¥ rate of change of flight-path angle, radians/sec
Subscripts

o standard sea-level canditions

8 stall

PA power approach

max maximim

min minimmim

av average

gvall svailsble
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INSTRUMENTATTON

NACA recording instruments were used to record airspeed, altitudse,
vertical and longitudinsl accelerstion, angle of attack, and tail-pipe
pressure. Standard calibration techniques were used for calibrating the
recording sirspeed systems for all the airplanés except the FOF-6, the
FGF-4, the F-94C, and the F-84F airplanes; for these latter airplanes
nose~boom installaticns providing static: pressure socurces about 10 feet
shead of the sirplane nose were presumed to yleld static pressure with
na significant error. Indicated sirspeeds were calibrated sgeinst
recorded alrspeeds for all configurations. For most of the configura-
tions the single tall-pipe probe, which was used as a thrust indicator
in accordance with the technique described in reference 11, was cali-
brated by use of & ground thrust stand; en exception was the F9F-4 for
which, in the gbsence of a calibration, the tail-pipe probe was assumed
to measure the average total head across the exit.

ATRFIANES

Ten airplanes we¥e tested in the current program, the FJ-3, FiD,
FTU-3, FOF-L, FoF-6, F-84F, F-86A, F~86F, F-94C, and F-100A. Two-view
sketches of these alrplanes are shown in figure 1. Various wing modifi-
cations were tested on a number of these airplanes including fences,
different leading-edge arrangements (slats, cambered lesding edges, and
suction boundary-layer control), and different trailing-edge flap arrange-
ments (blowing boundsry-layer control and suction boundary-lsyer control).
The particuler arrsngement used for each test configuration is indicated
"in table I. References describing the modifications in more detail,
where avellable, are indicated in table I.

TESTS

The fllght program consisted of tests to determine the 1lift and drag
as a function of angle of attack for each configuration, and tests by
several pilots to determine the carrier landing-saspproach speed. To obtain
in the power-approach condition at a number of different airspeeds from
about 200 knots down to about 10 knots sbove the stalling speed. A time
history was then obtained from this speed to the stall. The rate of
change of airspeed during the time hilstory portion of the record did not
exceed 1 knot per second. In the interest of safety the lift-drag tests
were ¢onducted at altitudes ranging from 5,000 feet to 10,000 feet.

L -
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For the pilott!s evaluation of approach speed, carrier-type lending
approaches were made. In this type of spproach the airspeed is rela:tlvely
constant, the flight-path angle ies quite low (of the order of 0° to 2°),
and a h:.gh level of engine power is required to maintain steady flight.

The use of this technique permitted the pilots to quote a single value
for the approach speed, in contrast to conditions in low-power sinking-
type approaches where the airspeed mey be changing throughout the
approach. The technique employed by the pilots was to determine the
stalling speed at a safe altitude, and then perform s series of approaches
at progressively lower approsch speeds st gpproach altitudes until the
minimum comfortable speed had been determined. This value was determined
by the pilot for a landing weight egual to the weight empty plus 1,000
pounds fuel per engine. The pilot also reporited his reason for limiting
the approach speed to the value deslignated. The tests were conducted st
a field carrier-lsnding practice faclility maintained by the Navy at Crows
Lending, California.

For a few of the configurations, supplementary eveluations were made
wlth the mirror-spproach technique in which the pilot guides the airplane
along a straight beam of light reflected from & mirror at an sppropriate
flight~-path angle (about 3-1/4°).

Of the four NACA test pilots who participated in the evaluations,
pilots A and D had no experience in landing sboard actusl carriers.
Pilot A 18 a veteran test pilot with Air Force fighter experience. Pilot
D has had field treining and practice for carrier landings as a Marine
fighter pilot. Pilots B and C are experienced carrier pilots.

RESULTS

Presentation of Data

Aerodynamic characteristics.- Plots of angle of attack, drag coeffi-
cient, and lift-drag ratio versus 1lift coefficient, and of drag and power
required for level flight versus velocity are shown in figures 2 to 42
for each of the 41 airplane configurations. The equations used for the
determination of these curves from recorded flight dabs are as fallows:

_ W(Ag cos a+ Ay sin a) - Fg sin o
= =

c W(A; sin a ~ A, cos a) + Fg cos a - 1.6,V
D= .

gs

i,
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The curves of drag in level flight against velocity were determined
from the relationships : -

D = Cp & pSV2

W
£ pS(Cp, + Cp tan a)

Based on the date shown in figures 2 to 42, a number of quantities
pertinent to the estimation of spproach speed have been determined and
are tabulated 1n table II. These quantities are defined as follows:

Cr velues taken from figures 2 to 42

W

Vg 1
CLmax chax 2 pS

CLmaxPA Clmax * (FDO.BC )(ein o, L_maximum 1ift coefficient .

with first-order aspproximation for the effect of the thrust
required for level flight . ) . ) ) c--

Vg j W : )
PA c L s .

average carrier-approach stalling espeed reported by pllots
(The stalling speeds reported by the individual pilots are
listed in table III.)

vSpilot

Approach speeds.- In table II the spproach speeds predicted by wvarious
criteria are liated for all the configurations tested, and in table IV the
minimum comfortgble approach speeds selected by the Individual pilote are
listed, together with the average values for all the pliots. The aversge
flight approach speeds are campared with the values predicted by seversal
methods in figure 43, and the approach speeds for the individual pillots
are compared with the predicted espproach speeds in figures 44 to 51, For
the few configurations (ka, Wb, 16a, 16b, 16c) for which the pilots estab-
lished spproach speeds using the mirror-approach technique as well as the
landing-signal-officer technique, there were no significant differences . .
in the approach speeds selec:'l:ed.J the mlrror-approach values are, therefore,
not presented hére. , ' EE
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The term "minimum comfortable spproach speed” as used in this report
should be interpreted as the lowest trimmed approach speed which the pilot
would deliberately .use. It is not the gbsoclute minimum, which is con-
sidered to be that speed below which emergency thrust gpplicgtion is
needed or the landing approach is aborted. In fact, some speed fluctua-
+tions sbout the minimm comfortable spproach speed would be anticipsted
g8 a result of attitude changes to adJust altitude. So long as the speed
decrease was not too rapid, and the actual value of the speed reduction
did not exceed about 5 knots in these maneuvers, the pilot would not feel
urgently impelled to return the speed to the trim value. This value of
5 knots may vary samewhat for different configurstions, depending on the
rate of development of limiting factors and the severity of the limiting
factors.

DISCUSSION

Methods for the Prediction of Minimum Comforteble Approach Speed

Stall-speed method.~ A number of different methods have been advenced
in the past for predicting approach speeds. The most commonly used
methods have assumed the approach speed to be a certain percentage of the
stalling speed, say 115 percent. A given value for this ratio of approach
speed to stalling speed represents a fixed 1ifting acceleration available
for changing flight-path angle, or alternatively a fixed margin of speed
above the stall. These methods of predicting approach speed give no con-
sideration to the speed changes that would occur 1f the throttle were not
used in conjuction with the longitudinal control in maneuvering. Several
of the criteria of this class considered here differ from each other only
in the definition of the stalling speed used.

(a) For 1.15 Vsa the stalling speed is based on the serocdynamic

Cr, (taken from figs. 2 to 42) with no allowance for the thrust
contribution to 1ift.

(b) For 1.15 VSEA the stalling speed is based on the addition to
the aerodynamic Ct of a first~order estimate of the thrust

contribution to the 1ift. This first-order 1ift increment is
calculated on the assumption that thrust is equal to the drag
at the spproach speed, the approach speed, in turn, being

assumed to oceur at 0.8 Clmax ©OF at about 0.75 chaxEA° The

1lift increment due to thrust is then computed as:

ACLfA = (%0.8%) (Sin dclmax)

v
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For 1.15 vspllot the stalling speed is based on the average

stalling speed reported by the pllots. This value was exasmined
as an additional criterion to cover the possibility that the
pilots may regard the effective stalling speed as other than

the speed corresponding to the meaximum 1lift coefficient. This
condition could result from the difficulty in defining the stall
as discussed subsequently, or from possible disparities in the
amount of thrust effect that should be included in the definition
of maximum 1ift (thrust for level flight at Vg as sgainst
thrust for level flight at Vps, for example). Figure 52 shows
a compsrison of the sverage values of Vg reported by the pllots
with the values of Vg corresponding to chaiRA’ The results

show that, except for four configurations (6b, 8a, 8b, 12a), the
average stalling speeds reported by the pilots agree with com-
puted values within 3-1/2 knots. Considering the readsbility of
alrspeed indicators and other factors which make precise determi-
nation of stalling speeds difficult (note the dispersion in the
values for the individusl pilots in table ITT), this sgreement

is gocd verification of the validity of the method of estimating
CLmaxPA previously described. '

On some of ‘the ailrplane designs included. in this study the msnifesta-
tions which usually identify a stell occurred only after the airplane had
decelerated through a range: of speeds wherein other characteristics were
deteriorating progressively. The graduslly worsening stebility and con-
trol characteristics or the inerease in sink rate with decreasing speed
may reach such levels that the pilot considers the airplane "stalled" at
a speed higher than the actual stall speed and accordingly limits his
opersting range to this speed rather than the true stalling speed. Of
the configurations listed in table I, the following were indicated by tke
pilots to have this stall approach chara¢teristic: '

Alrplane ..+ Configuration Deteriorating characteristic

FLD . ba, 4b ~Sink rate, lateral-directional
characteristics

FTU-3 58, 5h Sink rate .

F-8h4F 8a, 8 Sink rate, lateral-directional
characteristics o

F-86F (modifiled) "12b Lateral-directional
characteristics )

F-100A 162, 16b, 1léc Sink rate, lateral-directional

and longitudinal
characteristics
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It is noteworthy that the four airplanes for which sink rate was a
deteriorating characteristic had curves of drag against velocity that
exhibited an extended range of speeds for which the airplane could fly
on a steep back side of the curve (figs. 10, 11, 12, 13, 17, 18, 30, k0,

41, and 42). This characteristic would, of course, make for an increase
in sink rste with decreasing speed.

Method based on ¥ = 0.060.- Thig criterion differs from those
previously listed in that it stipulates a fixed capability of producing
rate of change of flight-~path angle rather than a fixed lifting accelera-
tion capsbility. The expression for predicting the gpproach speed for
this criterion is developed in Appendix A. It was previously indicated
that a fixed ratio of Vpy/Vg implied a given velue of Alg ..:7. From
the basic relationship AlAz = V¥, it is apparent that assumption of a
fixed ability to change flight-path angle, ¥, will result in calculsting
greater ratios of aspproach speed to stalling speed, VPA/VS: for higher
values of stalling speed Vg.

McDonnell method.- A refinement of the criteris listed previcusly
is provided by the McDonnell criterion described in reference 12 which
incorporates the effects of drag chasracteristics. This criterlon defines
the approasch speed as that speed at which a 50-foot climb can be per-
formed with specified conditions of 1ift and speed changes and with no
addition of thrust during the msneuver.

Speed-stability method.- This criterion i1s simply represented as the
speed for minimim drag. The usuel variations of drag in level f£light
with airspeed are such that 1f the effecte of stick-free and stick-fixed
longitudinal stability are disregarded, the speed for minimwm drag will
represent a speed for neutral speed stability, separsting a stable region
at higher speeds from an unstgble region at lower speeds; that is, at
speeds higher than that for minimum drag the airplane will return to the
trim speed following a disturbance; at lower speeds the alrplane will
diverge in speed following a disturbance.

With regard to this criterion, reference 13 points out that the
minimm drag point loses its significance as a point of neutral speed
stability when all the longitudingl degrees of freedom are considered.

It is noted further, however, that if the airplene motion is constrained
to a constant altitude or to a rectilinear flight path, then the mininmum
drag point again regaine 1ts signiflicance. This constraint condition
appears to be a reasonable one to spply to the landing-approach situation,
in which case the speed for minimum drag would be the appropriate speed
to define neutral speed stability.

el

~—
Method based on speed for maximm I./D.- The speed for meximm I./D
may be significant as a criterion in view of the fact that it is the speed
corresponding to minimuim glide angle, considering only aerodynamic parame-
ters. For this reason it is included among the criteria evaluated herein,

.
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Method based on speed for minimum power reguired.~ Thls speed was
considered as having possible slgnificance as an indicator of the speed T
for minimum rate of descent at zero thrust. A factor of 1.08 was used
with this speed 1n order to provide the best agreement between flight
approach speeds and the speeds predicted by this method from present tests,

Reesons for Limiting Approach Speed

A number of different terms are used by the pllots as reassons for
limiting the approach speed. These are defined more completely in the
following section: :

(2} Abllity to control asltitude - Some difficulty has been experi-
enced in defining thils reason explicltly, apparently because s
number of factors may combine in different ways to produce dif-
ferent airplane responses, sll of which the pllot describes by
this reason. If the individual factors that produce the response
could be 1soleted, it is possible that this reason would bresk
down into a number of different reasons, each more descriptive
than the broader term. As of this time it has not been possible
to isolate all the iIndividual factors, and the following descrip-
tion of ability to control eltitude must, therefore, be broad
enough to reflect the combined effecte of all the factors., The
term "ability to control altitude" and such synonymous terms as
"gbility to arrest sink” and "longltudinal control of flight -
path" are used to describe the condition where there is unsatis- )
factory response of the alrplane to attempts to gain altitude or .
to produce positive flight-path angle changes. The unsatisfactory )
altitude controllability has in an isolated lnstance been identi-
fied with deficient response of the alrplane to longitudinal con-
trol, due to control ineffectiveness, but, in genersl, as already
noted the responsible factors have not been segregated. The
deficient altitude controllability may be, but is not necessarily,
associated with large rates of alrspeed loss. The throttle may =
be used 1n conjuction with aerofynamic controls in maneuvering
the asirplane to define the altitude controllability, the amount
of throttle depending on the relative response of the alrplsne
to serodynamic and thrust control, and perhaps even more on the
inclination of the pilot to rely on the throttle. (This differ-
ence in pllot attitude toward reliance on the throttle 1s, for
example, believed to be responsible for some of the disagreements
between spproach speeds quoted by the Ames test pllots.) How-
ever, some derodynamic maneuvering capabllity is required by all
pllotes, and most of them seem to treat aerodynamic control as
the dominant control.

B
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In the study reported in reference 9, the predominant resson
for limiting approach speed was deterioration of speed stability.
Since, in many of the cases studied in the present investigatlon,
rapid changes in slrspeed were associated with development of
unsatisfactory altitude conbrollability, it is probable that the
reason given in reference 9 corresponds to the general category
of reason described herein as "gbility to control altitude.®

(v) 8tall proximity - This term is used to describe the condition
where, maneuvering characteristics and all other characteristics
of the airplane belng satisfactory, the pilot is forced to limit
speed because of either stall behavior or stall warning. A stall
that was characterized by sn @brupt pitching or rolling tendency
with inadequate warning might define the speed above which a
certain speed msrgin is demsnded by the pilot in the approach;
or the existence of stall warning in the form of buffeting,

mild piteh-up, or similar controllable motione at speeds well
removed from the stall might cause the pilot to select even
higher spproach speeds, while indicating stall proximity to be
the reason for limiting approach speed.

(e¢) Unsatisfactory latersl-directional (stebility or control) charsc-
teristics - The development of errstlic or unususl lateral-
directional steblility or control characteristice may prevent
the pllot from foliowing a desired precise f£light course. If
these characteristics occurred at a 1ift coefficient consider-
ably removed from Clmax> 8° thet they would not tend to be
identified with the stalling of the wing, then the pilot might
use this term as the reason for limiting approach speed.

(d) Visibility - In steady flight, pitch attitudes attained may be
so high that it would be difficult for the pilot to see the
landing signel offlcer or other ground references that the pilot
is accustomed to using. In such cases "visibility from the
cockpit” would be glven as the reason for limiting epproach
speed. ' :

}

Reasons in conbination.- In some cases spprosch speeds are described
as being limited for other ressons in combination with ability to control
altitude (table IV). One possible interpretation for such a case is that
either factor alone would have limited the approach speed at the selected
value. Another interpretastion is that the presence of a number of factors
in combination resulis in a higher approach speed than any one of the
Tactors alone. There is not sufficient informstion in hand to provide a
definitive answer as to which interpretation is correct, or even to state
that only one interpretation is generally correct. There 1s evidence
from one case that the presence aof a number of factors results in higher
approach speeds. The FUD airplane in configurations 4a and 4b had neasrly
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identical lift-drag characteristics, but the latergl-directional charac-

teristics of configuration LUb were reported to be considerably worse '
than those of céonfiguration 4a. Both ednfigurations were described as

limited in approsch speed primarily by ability to control altitude

although the selected approcach speeds differed by about 9 knots. The

accepted explanation of this parsdoxicsl result is that the attention z
required of the pilot in controlling lateral-directlonal disturbances -
diverts him from the task of monitoring airspeed and fllght—path changes .
so that an additional speed margin is desired. -

Of the reasons listed for limiting spproach speed, the most prevalent
were ablility to control altitude and stall proximity. Most of the cri-
teria dilscussed hereln are related to some extent to sbility to control
altitude. The aspproach speed of airpleres limited primarily for other
reasons would not be expected to be as closely predicted by these criteris.
In the comparisons in figures 43 to 51, different symbols are used to
distinguish these latter airplanes from.those llmited by ability to
control altitude. e

Comparison of Flight and Predicted Approach Speeds

Because of & number of factors, it 1s considered that the values
given for the individual and average flight approach speeds can be relied
on only within gbout 2 knots at best. One socurce of uncertainty is the
fact that pllots cannot, with assurance, report approach speed to the < -
nearest knot; in fact, there is a definite tendency to round the value .
off to the nearest 5 knots. Ability to read the alrspeed indicsator to -
a glven Increment would be a factor in this regard, as would ability to
define s comfortable speed within narrow limits. Differences in evalua-
tion standards among individual pillots would exist even for skilled test
pilots and could only be partially compensated for by averaging results.
There are recognized differences in control technique among pilots which
might also contribute to individual differences. The effects of all these
factors are demonstrated by the inconsistency of the differences among
various plliots shown by the data in table IV.

To arrive at a figure that would represent acceptable scatter in the
comparison of flight and predicted sppropch speeds, the foregoing factors
were borne in mind. An additional Tactor considered is the existence of
secondary reasons for limiting approach speed, discussed in a previous
section of this report. With sl these factors in mind, it appears that
an acceptable criterion would be one that predicted spproach speeds within
+5 knots of the average flight value for all applicable configurstions. o

Inspection of the curves of figure 43 indicates that none of the *
criteria were successful In predicting epproach speeds wilithin *5 knots -
for all configurations. For the bulk of the deta the best levels of 2

BN
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agreement were obtained with the 1.15 VSEA criterion and a modified form

of the McDonnell ecriterion; the modification, not inciuded in the plotted
data, was the subtraction of 2 knots from the speed calculated by the
basic criterion, this 2-knot reduction being over and above a 2-knot
reduction that was slready applied in accordance with the McDomnell method
to approximste the effect of thrust on the value of chax' An equivalent

level of agreement was slso cbtained with the 1.15 vspilot criterion.

However, values of the pilots indicated stalling speed are not available
for all the configurations, so that the conclusions regarding the validity
of this criterion would be less general. The ¢ criterion appeared to

be better than the other criteris for the airplanes_that approach at
higher speeds, but was somewhalt less consistent for the main body of the
data. .

The other criteria considered gave less satisfactory correlation with
flight values. In partlcular, the speed stebility criterion, V¥ for mini-
mum drag, was shown by several configurstions to be ingpplicable; for con-
figurations 4a, 4b, 5a, 5b, and 16a, the selected approach speed fell on
the back side of the drag-veloclty curves, well removed from the speed for
minimum drag. This fact is noteworthy since £flight on the back side of
the curve in the landing approach hes long been considered impractical.

The foregoing comparisons indicate that none of the simple criteria
considered here engbled predictions to be made within the acceptable
limits of £5 knots. Until such a criterion 1s developed it would appear
that a reasonsble procedure to use in predicting approsch speeds would be
the use of one of the criteris that gave the best level of agreement, say
1.15 VSPA’ with the understanding that certain secondary factors might
increase or decrease the approach speeds. This general procedure, which
1s suggested by the comparstive results for the FUD sirplane (configura-
tions 4a and 4b) discussed earlier, appears to be consistent with the
pilots! concepts of the manner in which approach speeds are determined.

To implement this procedure it would be desirable to be able to
associate certain numerical increments in spproach speed with certain
degrees of severity of the secondary factors. The pllots did not feel
that they could segregate the effects of the various secondary factors
to produce a quantitative correlation. The present data do, however,
show consistent qualitative effects which are indicated here. Generslly,
these factore influence approach speed to the degree that they prevent
the pilot from maneuvering with the minimmm of attention to monitoring
airspeed or altitude. Detrimental factors that would tend to cause
increased approach speeds are unfavorable stability and control chasrac-
teristies, poor visibility from the cockpit, Insuffficient engine thrust
available for maneuvering, or a sharp increasse in unstable slope of the
drag-velocity curve. As indicated earlier, when these factors become
sufficiently pronounced they mey be identified as limiting the gpproach
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speed. When they are less severe they may simply modify upward the :
approach speed predicted by the criterion:thst defines sbility to control *
altitude. taaC o it v

There are, on the other hand, favorable secondary factors which tend
to reduce the approsch speeds. On the bagis of data in figure 43 for the
1.15 VSBA criterion, for example, 1t would sppear that operative boundary-

lgyer control installatione which are powered by bleed alr from the primary
thrust source reduce approach speeds by amounts greater than would be pre-
dicted from the change in Vg, the average reduction amounting to about

3 knots. Similarly, it sppears that a margin of thrust avsilable for
maneuvering of the order of AIYW = (.3 may reduce approach speeds helow
the level predicted by the criterion. :

Other factors mey evcke a favorable comment from the pilots, such as
good sgtick-fixed or sitlck-free longitudinal stebility, favorable trim
changes with speed or throttle movement, etc. However, at the present
time the relative Ilmportance of all these factors remains to be established.

Comparison of Test Pilots! and Service Pilots' Approach Speed

The minimim approach speeds presented in this report were obtalned
by skilled test pillots under relstively favorable conditions of field
landings. It is of interest to compare the test values with the spproach
speed recommended for service pilots. The following table compsres the
test approach speeds with values recommended in pertinent service publica-
tions for the few configuratlons for which such dats are asvailsble.

Median values of the approach speeds used by fleet pllots in actusl

carrier operations, as determined from unpublished statistical measure-
mente, are also shown for the two airplanes for which such data sre avail-
able. Also, since the relationshlp of the maximim spproach speed to the
median approach speed 1s of concern for structurgl design purposes, the
distributions of measured approach speeds as determined from the statisti-
cal measurements, are shown for these two ‘airplanes (fig. 53). The latter
data are corrected to the landing weights used in the present lnvestigation.
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Test
Minimmm
_ carrier- Fleet | Reference for | Service
C;Eiigz Airplane type SZ::ice 3§§ie value, recomended type of
approach, ? | knots service vaelue | landing
k. knots
ots
1 FJ3 112 15 121 AN-01-60JKC-1 |} Cerrier
Sa »uU-3 107 117 120% | AN-O1-45HFD-1A | Carrier
T FOF~6 11h 117 ~—— AN-01-85FGD-1 | Carrier
hg FhD 121 123 - AN-Q1-4QFBA-1 | Caxrier
149 %o Final 181 .
16a F-1004 161 Touchdown 148 | —-~ | TO-1F-100A-1 | Field
i bl
15a F-9iC 131 | goenel L 119 | - | W-1F-gkc-1 | Fiela
8a F-8hF 132 Over fence 159 | --- TO-1F-84F-1 Field

aThis value is higher than the mean service value given for the same sirplane
in reference 10. The difference is ascribed to the fact that the data in
reference 10 were obteined from service test pilots who were intent on
approaching at slow speeds.

The tebulated results and the date in figure 53 indicate that the spproach
speeds from the present evaluations are consistently lower than the service-
recomrended values (which, in turn, are lower than the fleet values). The
emounts by which the test values differ from the recommended service wvwalues
range from gbout 2 knots to 10 knots for the Ravy airplanes. For the Air
Force airplsnes, asssuming, as suggested in reference 6, that the "over-
the-fence" speed is equivalent to the carrier-approsch speed, and assuming
arbitrarily that the "over-the-fence" speed is sbout 10 knots higher than
the touchdown speed, the differences sre less consistent, but tend to show
even greater departures from the test values. The larger differences
between test and service values correspond to the existence of secondary
factors of pronounced degree; in the case of the Air Force sairplanes,
difference in type of approach {field versus carrier) may also be sa
contributing factor.

CONCLUSIONS

Lift and drag characteristics have been determined in flight in the
landing-approach configuration on 41 jet-propelled fighter-type airplane
arrengements, including various wing boundary-layer-control installations.
Minimum comfortable approach speeds for carrier-type lsndings were evaliu-
ated for these configurations by four test pillots. Flight spproach speeds
for the various configurations ranged from 92 to 157 knots, but the bulk
of the data on which the conclusione are based were in the speed range of
85 to 115 knots. As a result of these evaluations the following
conclusions were reached:

R
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l. The reason most frequently given by the pllots for limiting
spproach speeds was inabillity to control altitude; the reason gilven second
most frequently was stall proximity. '

2. None of a number of simple criteris exsmined enabled prediction
of approcach speeds within %5 knote for all configurations limited prima-
rily by altitude controllebility. A criteriom in which the epproach speed
was assumed to be 115 percent of the power approach stelling speed
(1.15 VsP ) gave as.good agreement with flight values as any of the
criteria considered.

3. Departures from predicted spproach speeds based or tsking
1.15 Vgpy Were consistent with the presence of "secondary" factors.
Favorable secondary factors were indicated to be large thrust margins
and operative boundary-layer-control installations that are powered by
bleed air from the primary thrust source.” (Operation of the boundary-
layer control resulted in approach-speed reductions larger then the
stalling-speed reductions.) Unfavorable secondary factors included
deflcient flying gquslities characteristics, meager thrust margin and
poor visibllity from the cockpit. :

L. When unfavoréble factors become pronounced at higher speeds,
they may become the primsry reasons for limiting approach speed, in which
case the approach speed would be more than 5 knots higher than Would be
predicted by 1.15 Vgpp -

5. Recommended dpproach speeds from service memuals tend to be
higher than the minimwm comfortable spproach speeds of the present evalua-
tione. The amount of the difference seems to depend on the strength of
unfavorable secondary Tactors.

6. The necesslty to fly on the back side of the curve of thrust
required against velocity does not of itself impose a limitation on the
approach speed. However, the limiting conditions under which such flight
is possible remsin to be defined. '

Ames Aeronsutical Laboratory
Netionsl Advisory Committee for Aeronautics
Mofféett Fleld, Calif., Dec. 11, 1957
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APPENDIX A

DEVELOPMENT OF EQUATION FOR PREDICTING AFPPROACH SFEED

FOR CONSTANT VALUE OF 7

At a constant speed equel to the approach speed the vertical
acceleration available for maneuvering is given by

o 1.69gvPA7' _acg %WSVPAz (A1)
where
ACE, = clm - CLEA (A2)
or
2o -4 (% - ) 43)

Substituting equation (A3) for ACT, in equation (Al), one obtains the
following expression for 7

. _ Vm8 ( 1 1 )
= - Al
7= 1.69 Vs®  vm= (ak)

If the terms are rearranged, an equation relabting Vpap, Vg, end ¥ is
found as follows: ~

Vpa® - 1.69 £ VgPvp - V5@ = 0 (a5)

A value of 7 of 0.060 was found to provide the best general level
of agreement between flight approach speeds and the vaslue of Vpy as
computed from equation (A5); this value of 7 was used in the comparison

curves of this report.
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TABLE I.- CONFIGURATIONS OF TEST ATRFLANES

NACA RM ASTL1L

Landing
veight, ¥ing L.E.
Configa- Wing e Flap confignretion Opera~ ( ) Figure
Speed | Fiap % tion Bef. | mawber
n;.;?n Alrplane :l.ooor::: ::.:{ n/u’n brakes type u:::na; and type of ? 1 | report for
engine, devices BLC data
b
L r3-3 13,678 | 288 ¥.5 out |8lottea [E] 1 15° Slat Boze —— .34 1 2
2a 73~3 13,890 | 268 | w8 out | Plain =5 15° Eaat fuctien on 1 1 3
) ¥3-3 13,850 | 208 | 82 out | Plain = 25° slat ““n‘*:r aer 3 1 8
2¢ ¥a-3 13,600 | 288 | 8.2 i | Flain =5 5% Slat Hatns on .33 1 5
Exterded Blowing -
3a -3 13,9%0 302 L& In Plain L] canber, flap [+ 1 32 1 [
and. fence +O2 norxle|
Extendsd Blowing
£ ¥3-3 13,990 302 L6k In Flain 53 cumber, Tlap o .33 1 T
and fence <0l noxsle
Fxtended
3 ¥3-3 13,990 | 302 | 6% m | Plaia s canber, Suotlon o K™ 1 8
and fence flap
Tctanded
3 Fi-3 13,990 | 302 46,k T2 | Plain L) cazder, Bloving | e .35 1 9
and. fence Tlap
be. FAD™ 16,810 | %7 | 303 In Noze — 10° slat ooe — 130 —— 10
o Pe? 260 | 3 | 30 In ooe - B30 fel. tanks | mome -—- 30 -—- n
Ja FTU-3 21,030 {93%.3] 39.3 In Xone — Blat Nooe ——- .1k — 12
= ¥TU-3 | 2,030 [535.3( 39.3 ot | Mome - Slat Tore — 13 o 13
6 | rwx | 1300 [ @0 | ek | om [ men [Ofcert 0] esthecle | Hovie | o .22 2 1
v FoF-h | 13,200 | 230 | s In | Piaan |Outhoert 3 Lesdgsiee | By | oct 2 2 15
T yor-6 | 13,00 | 300 | W8 | Fam |04 R Slata Moo — i — 1%
8a PO 19,636 325 L8.2 In Fladn ko Flain None — .13 - 17
8o r-Ear 15,636 325 8.2 Out Flain L FPlain None -— 13 — 18
Se rg6a | 12,002 | 268 | 42,3 In | Pain P 15° g2at St o .28 3,6 19
ES P86 | 12,000 | 288 | ka.3 ™ | Piean = 15° alat Mﬂ*‘:;“ are 2k 3,6 20
% -G | 12,02 | 288 | ke.3 In | Plam & 15° Blet 3"‘“‘:: on .23 3,6 7
9d ro6n | 12,00 | 288 | .3 I | Pletn & 15° Blat B‘“’n':;“ are 4 3,6 2
108 ¥ | 12,335 | e | e ™ | Paadn =5 Cazher 5“"&" o 23 1,6 23
100 oA | 12,333 | b | k2w In | Piatn 55 Codar Buguen | arr 2 |36 &
va | P86 | 12,333 | eh | k9 | Im | Pam 55 Cpers e | o R EE )
1n -8 | 12,315 [ ask | e In | Pstn 55 Caher, Bustion | arr .2k 3,6 %
e 86 | 12,335 | 2gb | e out | Pain é Cabers ey ou .23 3,6 7
[ Buation
14 F-060 12,335 29k k2,9 out Plain 2] m’ flap orr 25 3,6 o8
1% F-06F | 12,900 | 208 | T3 |° out |Brottea 38 Plain ustion o .23 6 29
12 r-85r | 12,900 | 288 | s | out [glotima 28 Plain fustion | orr 20 P 30
13 ro6r | 12,860 | 288 | w0 | out | Elam » 15° slat ““’n’-‘f“ P a9 s u
130 r-86r | 12,860 | 288 | sa.0 | ot | Plain 55 15° Flat Dors | arr 20 L) %
13 reer | 12,860 | 288 { 570 | I= | Plain 66 15° Blet port | .19 5 )
134 F-86F | 12,860 | 288 | .70 | ™ | Plain 6 15° Blat "‘A’;‘ ofe .20 3 »
dhe F-06r 12,860 302 2.6 In Plain 55 ’1:;“ flap ot .23 5 k]
wo | r8er | 12,060 | 302 | %6 | m | Flam P Hitta et | a 5 %
ke F-05r 12,850 302 h2.6 In Blotted 38 mzf;‘d Fone ——— 20 5 37
15 F-GhC 1h,933 | 233 6k .10 In Split [ Plain ¥one == 21 = 38
15b F-9hC 14,933 233 64.10 Out Split 55 Plain ¥one - J19 —— 39
16 roo | 2,970 [ voo | e m | Plein e 15° Alat B | orr N --- %
160 F-100h | 21,970 | koo 55.0 In Plain i5° plat m"m“""‘ .09 - a1
6 | rlooa; 2,910 [ ko | Mo | Im | Fla 3 15° Alat MO | o | — | e

LExternal fuel tanks off.
2Ecternal fuel tanka on.
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TABLE IT.~ AERODYNAMIC DATA AND CARRTER IAKDING APFROACH-SFEED
CRITERIA FOR FACH CONFIGURATION

Confige- “'Sc,_‘- Ya.ur [ R Predicted lenfing approsch speed for esah criterion, lmots me Opermn=
PR 2o
il S| o | e T Vo | 0 "B |0 g1 | mepanoers [ #-0.0m0] Dot | (/0hmez [ Wheta| we | of
1 1.3 | 1.9 .1 | 99.6| 6.0 nr.e %5 FITRY u3a 116.% | 209 3.3 m.e Nose | —
za |2| s9.0 1. | 63| s6r 113.9 m.o 1.2 133.7 ng.a | 109 13.6 U2 [FMml o
@ |13} 16 | 9.0 T 16.8 13.9 1124 116.3 ns.a | n3.s | 1216 2.9 5“‘;';:; arr
2 | 1mm| g6 na | sa| so m.s 108.2 105.8 109.7 9.2 | 108 05.6 wa [P
» | 1L38| 5.0 1.6 | se| set 206.9 104.9 106.6 107.6 105.3 | wa.5| 2062 .5 m';_l".j‘" o
o | L®] o 1.58 | 93.0| w0 109.3 1070 105.8 309.0 107.7 | 2w5.0 | 110.0 o [TmE|
3 | 1.37| 9.8 1.0 | 82| 97T 4.8 nz.9 1228 113.8 1,7 | 22,0 [ m8a 3,9 |S=H=| o
» | 1.3 we 1.36 | 100.3] s8.3 186.0 115.% 3.0 5.9 17,6 | 1180 1223 11.0 n’ﬁ;‘ oer
L3 .80 1 106.0 A7 | 102.0] — 1.9 117.3 -— 126.6 9.8 1m.9 | 154.3 135.3 B | —-
&b .80 | 107.0 .87 | 103.0] -— 123.1 18.2 — 129.8. in.2 | 165.0 | 163.2 18,5 Yoo | —
e 1.27| 93.3 1.37 | s8] .53 109.8 105.6 1064k 114.0 106.2 | 10+ — 136.0 Feze | —
ES L1g | 98.3 1.29 | ok.E] R 113.3 108.8 106.% k.8 109.9 | 12.0 | 120.3 113.h Xoce | —
6o |2.32] as 2.8 | 19.6| &0 BT @ 931 7.8 50.3] 96.0] 1009 3 |PE] o
& | 20| o 212 | @3] 905 100.3 58.1 1081 103.3 or.7 | 106.0] 106.9 9.9 n;:;‘ aer
7 143 | 96,2 Lo | $3.5] 900 110.6 107.5 103.5 3.7 1064 | 1196 | 121.2 1156.1 Fone | -
[ .95 | 122.0 .99 | 120.0] 213.5 1.3 138.0 130.5 139.1 3.2 | 133.4 | 137.5 136.6 Soow | —
& .95 | 12,0 .99 | 120.0{ 113.5 IN.3 3.0 1307 136.7 Hw.z | 12| 1383 138.8 dcoa | ~-
% |2m| sae | o[ @] — 20k, 7 0.5 — 1wh6 [ 16| 105.0) 2083 w5 |PESE] o
7 | 48| e Lo | 9| — 105.8 1084 - 1.8 103.7 | 209.0} 138 068 ’“"‘,ﬁ:’ oo
% | 1m| s.r nea | arg| -— 104.2 100.9 — 103.6 100.8{ 6.0 100.3 8.3 M""‘g o
9 |1m| seo 1 | so2{ — 105.8 108.7 J— 106.0 10k.1 | 2012 | 209.9 2.0 | 5GH™| oer
we | L&) &3 =77 | 8.6 — 94.3 96.1 —_ w00,k 95.3 | 200.0] 103.9 9.6 "’;'._‘_“‘T o
we §um] ses 158 [ 65| — w043 1088 — 1043 1.7 | ws0]| 1m0 999 || o
ne | Lb2{ 93.3 147 | @t| o7 107.3 105.5 1002 106.6 109 1m.2| 1oke 1021 °“°ﬂ°:;" o
mv | 136 953 | 1M 93.6] 98 109.6 47.6 109.0 106.8 | 108.%| 10.0| 12.3 nre |Vl o
ne | Lk| s3.0 18| qukf — 107.0 108.1 — 1061 w.5| s9.0| Lo 100.6 "‘";_E;“ [
1d 1.33| 96.h .37 | 95.0] -— 0.9 109.3 —_ 110.3 10,3 | 108k | 1112 210.7 "g";;j“ orr
2a | 79| @9 16| 85| 8.0 96.8 9.0 00, 001 g [ | 1166 IR e B
= | L0 109.h ik | 1078 | 1063 125.8 123.3 1902 12,5 1278 | 10| 1225 1.y | TR ] o
13 | 138 @ 1.65 | .| ees 105.2 100.8 1.8 04,8 13.0] son|  ow7 96.7 ﬁ"‘""“ﬂ o=
1 | L] gra 17 | ohr| @ 1.9 108.9 106,k 0.7 Lo.o| we.3| 10%.9 wh.g | BT ore
bBe | 159f s.2 167 | ea.8| — 1009 1081 — 18,0 me2| so.s| se.s 9.6 ‘1:’;‘;‘ o
T EY Y 1% | 3.1 — 110.3 107.8 — 16.9 1087 | 103.0| 1.6 5.3 | TOTISE] gre
e [ade| oho | 47| ses| sT 108,0 06,4 103.5 7.7 | 1o7a| 103.8] 106k wsk | TS| oo
o {L3e| eas | 1e| sral| eso 1021 100.2 9.9 we.5 | o0.0| s3.0f 66 w2 | POt
I 1.5L | 9.0 1.AT | 52.5] B5.7 108.0 106 103.1 108.6 7.1 | 17.5] 1194 109.1 Fooe | -—
1% 1.k9 | 112.6 1.5 | 110.6 | 110.T 129.9 127.2 32T.3 123.2 131.9 | 1e3.8| 136.6 124 .2 Xoow | ~——
1% 1.k | 11A.5 1.k | B12.6 | 110.T in.» 129.3 12T.3 126.% 1.6 | 120.0| 120.8 12k T Bow | —
16e | 07| 1208 216 | 15.9| — 138.5 130.8 -— 3.0 1388 | 2735 ] 1862 o | US| ope
168 1.1 | 1165 1.2 | 1R3| — 13k.0 129.1 — 137.3 133.9| 1%0.0| 7.8 139.9 E:_% ofe
16 | 1.26] a9 1.36 | w0&7{ —- 127.5 82,7 — 129.5 1961 ] ws.o| 1m0 127.0 uﬁ:‘ n

(WA
107
o9
o3
19w
Jo %
foF
1
RY
1°%
| ov
T2
I3 1
a0y
22
tod
T-A)
{ aQ
oG
1o
i
oy
iy
ok
U
1o}
129
54
Hil
g¢
1t
105
T

106
ist
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TABLE I1I.- FLIGHT DETERMINED STALLING SPEED

Calibreted stalling speed, knots Calibreted stalling speed, knots
°§§£§§; Individual pilots A”g;age c::iigﬁ Individuel pilots szgage
no. pilots, no. pilots,
A B ¢ | D |Y8pi10t A B C | D [VSpq10t
1 96 96 96 | =~= 96.0 10a —— ——— - | - —-—-
2a ——— 95 97| 98 96.7 10b - - ] —— ——
2b ——— 96 981 99 977 1la 90 92 89 | 96 9l.7
2¢c -—- 92 el Bt 92.0 11b gk 95 ok | 96 94,8
3a gl 92 92 | === 92.7 lic -— —-—— = |- -
3b 91 g2 93 | =~~ 92.0 114 —_— ——— LI ET —
3e S9 95 99 | === IT.T 12a 92 86 %0 | 88 89.0
34 102 98 95 | ~== 98.3 12b 112 97 112 jiok | 106.3
ha -— —— ] - ——— 13a 88 88| g0 88.5
bo —-— - =] - - 13b . 93 92 92 | 93 92.5
5a 90~95 95 90 | ==~ 92.5 13c - - | - ———
5b 90-95 95 0| =--- 92.5 134 - -—= == | -
6a 82 7 &1 8| &.o0 1ka S0 93 92 |=== | 9SL.7
6b S0 90 90} 92| 90.5 14 85 86-88 | 86 |~-~ 86.0
7 &8 93 891 -=- | 90.0 ke 89 8 | |-~ 8.7
Ba 114 [ 1o-1ak | 114 { 11k | 113.5 15a 113 109 110 | --- | 110.7
8b 11l | 11o-11k% | 13k 12k | 113.5 15b 113 109 110 | === | 110.7
Sa — —— | —— — 16e -_— — el b ———
Sb -— — | - ——— 16b -— - ——— | - —
9c - ~—— e | - — 16c - — | - -—
=%} —— —-———— | e —————




NACA RM AS5TLI1

wenlER 23

TABLE IV.~- CARRTER LANDING-AFFROACH SPEEDS AND REASONS FOR LIMITING
AS DETERMINED FROM FLIGHT EVALUATIONS

Calibrated approach
speed, kncta, and pri-

Average of yilots

()

{1}

(x)

(z)

(s}

Ability to cootrol altitude and visibility from cockplit were of spproxi-
mataly equal Importeance in defining approech speed,

()

Adrplans ysws ebruptly during flare.

{=}

(z)

(=)

()

(=)

(2,3}

Confign- | mary reason for limit~ Resson for
ration ing apyroach speed | Approach | 3iwiting approach Rexarks
no. Todivideel pliots | 22o0ds speed
B D Primary|Secondary
i 111 — (1) —— Fowerful thrust ssrgin contributes to Improved sltitude controllability.
on 2108 2106 (2) -—
- 108 %108 (=) (1)
2o ‘108 — w ] —
3 102 — (=) —
3b *102 - (2} —-
3¢ 1109 — (=) (x)
3 “109 — (=) (1)
a 148 Yoo (1) (s} mhhnl—dire&io;l characterigtics at low speeds affact approach
» ha28 a2 (5) | (3) | Vo with tanks off. Povernil theust mrgime o o ks o
S 107 — (1} — AT/ parginel at gross weighta gremter then thcse of present evalustion.
) 1107 —— () — Seme as configuration Je.
(3 287 1 8 (€3} (2:4.9)
6b 100 100 (1) (+}
T 1 o ) () gctm-dmcuml charactaristics at low speeds obJectionstle.
on approsck speed uncertain,

&a :130 :m (1) (=,2) Auja.;l:r:-u': abruptly during flare. Elsvator control. force characteris-
& 130 1133 (z) (=) Beoe as contigmration 8e.
Se 58 108 [ -
b 1103 108 (1) -
S Y100 2on (x) -
o 108 1105 (a) ———

10a ‘55 105 (1) —

1 Y109 1113 () ——

ELTY 1102 2112

11 1108 2112

1le e 2100

11 111 D09

12 1103 o7

1% 129 134

13 57 98

13b ety 2108

13 97 58

134 3111 108

1ka 100 —_

Bl 1|5 |8]d|8|E41E|l8] & |E|81E |8 |E|6]8]8|E|8|E] #| & |8]¢lale] 4 | & |E]8)a\8 8] |1 E]>

S & |Bls|8|E|2|E|alB| BIEIBIE |R|E|B|5(E|B|E|R| & |E (B|s|8iB|& | E |E|B|R|R|E|8|8|R

& |515| &) | B|<|E|E] (k] ¢|8] £ 615 |E 86181 |1 |§]8|8] & | £ |8|«l€]€ | & | € |<]g]8]8]5]E|R[E]

kb %96 (=) (1)

1ke 2106 ——— {2} (=,8)

1% Y __ Although evalnated with both brakes in azd brakes out only by pllot B,
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(a2} FJ-3 sirplane.

Figure l.- Two-view drawing of the test airplanes,
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(b) F4D airplane.

Figure 1.~ Continued.
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(¢) FTU-3 airplene.

Flgure 1.- Continued.
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(4) FOFP-4 airplane.

Figure 1.- Continued.
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(e) FOF-6 airplsne.

Figure 1.~ Continued,
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(f) F-8LF airplane.

Pigure 1.~ Continued.
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(g) F-86A and F-86F sirplanes.

Figure 1l.- Continued.
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(h) F-94C airplane.

Fligure 1l.- Contlnued.
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(i) F-100A airplane (flsp added).

Figure 1l.- Concluded,
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(a) Veriation of 1lift coefficient with angle of attack, drag coefficlent, and 1ift-drag ratio.

Figure 2.~ Aerodynamic characteristics of the FJ-3 airplane; slotted flap, By = 45°, leading-edge
slats (config. 1).
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(c) Variation of horsepower reguired for level flight with velocity.

Figure 2.- Concluded.,
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(a) Variation of 1ift coefficient with angle of attack, drag coefficient, and lift-drag ratio.

Figure 3.- Aerodynamic characteristics of the FJ-3 airplane; plain flap, Be = 55° , leading-edge
slats, suction-flep BIC (config. 2a).
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(c) Variation of horsepower required for level flight with veloclty.

Flgure 3.~ Concluded.



1.6
|4 Approach angle
' f attack 4 | |1
L‘P‘:Iors < < >
o/ P
i % \
0 / / \
// // -Max
. / /
// /
6 / /
e /
/ /
L 7
4
0 4 8 12 16 20 24 3 5
a, deg L/D
0 04 08 12 16 20 24 28 32 .36
Cp

(a) Variation of 1ift coefficient with angle of attack, drag coefficient, and 1ift-drag ratio,

Figure 4.~ Aercdynamic characteristics of the FJ-3 airplane; plain flap, B = 55° ; leading-edge

slats (config. 2b).
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(¢) Variation of horsepower required for level flight with velocity.

Figure 4.~ Concluded.
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(a) Veriation of 1lift coefficient with aengle of attack, drag coefficient, and lift-drag retio.

Figure 5.- Aerodynamic characteristics of the FJ-3 alrplane; plain flap, &p = 55° ; leading-edge
slats, blowing-flap BIC (conflg. 2¢).
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(c) Varistion of horsepower required for level f£light with velocity.

Figure 5.- Concluded.
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(a) Variation of 1ift coefficient with angle of attack, drag coefficlent, and lift-drag ratio.

Figure 6.- Aerodynsmic characteristics of the FJ-3 airplaene; plain flap, &p = 559, leading-edge
camber, fence, blowing-flap BIC (config. 3e).
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(¢) Variation of horsepower required for level f£light with velocity.

Figure 6.~ Concluded.
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(a) Variation of lift coefficient with angle of attack, drag coefficient, and lift-drag ratio.

Figure T.- Aerodynsmic characteristics of the FJ-3 airplane; plain flap, &g = 55°, lesding-edge
camber, fence, blowing-flap BLC (config. 3b).
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(c) Variation of horsepower required for level flight with velocity.

Figure T,- Concluded.,
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(2) Veriation of 1ift coefficient with angle of attack, drag coefficient, and lift-drag retio.

Figure 8.- Aerodynamic characteristics of the FJ-3 airplane; plain flap, op = 559 y leading-edge
camber, fence, suction-flsp BIC (config. 3c¢).
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(c) Varietion of horsepower required for level flight with velocity.

Figure 8,- Concluded.
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(a) Veriation of 1lift coeffliclent with angle of attack, drag coefficient, and 1ift-drag ratio.

Figure 9.~ Aerodynsmic characteristics of the FJ-3 airplane; plain flap, &p = 55°, lesding-edge

cember, fence (config., 3d).
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(c) Varistion of horsepower required for level flight with velocity.

Figure 9.- Concluded.
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(a) Veriation of 1ift coefficient with angle of attack, drag coefficient, and 1ift-drag ratio.

Filgure 10.- Aerodynamic charactexistics of the FUD airplane; leading-edge slate (config, ba).

TrLLEY WY VOWN




NACA RM ASTL11 L 51

5000

4600 ‘ \ Q\/L

o ‘k | | { I
- Carrier landing
g 3800 N approach speed
o
\\ Pilots
3400 5 Av
\{Qk:
C
3000 4
‘\\‘\‘g .
2600 '
(b) Variation of airplane drsg with velocity.
2600
2200
o
L
- Carrier landing
i 1800 approach speed
i 0 I
Sg \\ Pﬂofﬁ
1400 AN g -
A ' —"
\ ?(I: I,
l t
1000 . Min
S0 100 1O 120 130 140 150 ie0 170
V, knots

(c) Variation of horsepower required for level flight with velocity.

Figure 10.- Concluded.
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(a) Variation of 1ift coefficient with angle of attack, drag coefficient, and 1lift-drag ratio.

Figure 11.- AemMc charscteristics of the FUD airplane; leading-edge slats, tenks (config., Ub}.
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(c) Varisbtion of horsepower required for level flight with velocity.

Figure 11.-~ Concluded.
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(2) Variation of lift coefficient with angle of attack, drag coefficient, end 1ift-drag ratio.

Figure 12, Aerodynamic characteristics of the FJU-3 airplane; leading-edge slats (config. 5a).
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(c) Varistion of horsepower required for level flight with velocity.

Figure 12,~- Concluded.
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(a) Variation of 1ift coefficient with angle of attack, drag coefficient, and lift-drag ratlo.

Figure 13,~ Aerodynamic characteristica of the FTU-3 airplsne; leading-edge slats, speed brekes
(config. 5b). '
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(c) Variation of horsepower required for level flight with veloecity.

Figure 13.~ Concluded.
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(a) Variation of 1ift coefficient with angle of attack, drag coefficient, and lift-drag ratio.

Figure 14,~ Aerodynsmic characteristics of the FOF-4 airplane; plain flap, Op, board = hOO,
inbo
= 45°, leading-edge flap, blowing-flap EIC (config. 6a).
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(c) Varistion of horsepower required for level f£light with velocity.

Figure 1k.~ Concluded.
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(a) Variation of 1ift coefficient with angle of attack, drag coefficient, and lift-drag ratio.

Figure 15.- Aerodynamic characteristics of the FOF-4 airplane; plain flap, 3¢ smboard = hoo’
Bf sutboard ~ 459, leading-edge flap (config. 6b),

TTILGY WM ¥OWN




NACA RM ASTL1L

Ry
4000
3600
3200
L ’/
- Carrier landing //
83“2800 approach speed -
a \ Pilots <
Av
2400 d l ,//
\ B.DA c |1
2000 [ Min
(b) Variation of airplane drag with velocity.
2000
1600
Q. //
= - : >
- Carrier landing /
0 1200 approach speed -
E o Pilots ,//
o) v //
C —
800 N B,D[ [ ey
T
Min
400 l
80 20 100 1O 120 130 140 150 160

V, knots
(c) Variation of horsepower required for level flight with velocity.

Figure 15.- Concluded.
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(a) Variation of 1lift coefficlent with smgle of attack, drag cocefficient, and lift-drag ratio.

Figure 16.- Aerodynamic characteristics of the FYF-6 airplane; plain flsp, Bfinb = 4o,
Bfou'b'board = 30°, leading-edge slats (config. 7). oard

@9

TTLLGY WY VOVN




NAGA RM ASTLLL colniilih. 63

4000
3600 \\
\
a 3200 T
- \ I Carrier landing 4
E’ \L approach speed T
o 2800 Pilots
/
Av, |1
\\Q\\\.AHB,C "J
-——_/
2400 Min
2000
(b) Variation of airplane drag with velocity.
2000
£ 1600 —
- Carrier landing
>‘LD_ approach speed ;r;A
To! .
|l Pilots
NP 1200 Av, _,/’/'
< TH AB,C —
800 L
90 100 110 120 130 140 150 160 |70
V, knots

(c) Variation of horsepower required for level f£light with velocity.

Figure 16.- Concluded.
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(a) Variation of 1ift coefficient with angle of attack, drag coefficlent, and 1ift-drag retio.

Figure 17.- Aerodynamic characteristics of the F-84F airplane; plein flap, 8p = 40° (config. 8e).
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(c) Variation of horsepower requilred for level £light with velocity.
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(a) Variation of 1ift coefficient with angle of attack, drag coefficient, and 1lift-drag retio,

Figure 18.- Aerodynamic characteristics of(the F-84F sirplane; plain flap, 8p = 40°, speed brakes
config. Bh). '
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(e) Variation of horsepower required for level flight with velocity.

Flgure 18.~ Concluded.
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(a) Variation of 1lift coefficient with angle of attack, drag coefficient, and lift-drag ratio. '

Figure 19.- Aerodynamic characteristics of the F-86A airplene; plain flep, Bp = 559, leading-edge
slats, suction~flap BIC (config. 9a).
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(c) Variation of horsepower required for level £light with velocity.

Figure 19.~ Concluded.
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(a) Varietion of 1ift coefficient with angle of attack, drag coefficlent, and lift-drag ratio.

Figure 20.- Aerodynamic characteristics of the F-86A airplane; plain flap, 8p = 55°, leading-edge
. glats (config. 9b).
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(¢) Variation of horsepower required for level flight with velocity.

Figure 20.- Concluded.
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() Variation of 1ift coefficient with angle of attack, dreg coefficient, end lift-dreg ratio.

Figure 21.- Aerodynamic characteristics of the F-86A airplame; plain flap, 8, = 64°, leeding-edge
slats, suction-flap BLC (conflg. 9c).
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(¢) Variation of horsepower required for level flight with velocity.

Figure 21.- Concluded.
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(a) Variation of 1ift coefficient with angle of etback, drag coefficilent, and lift-drag ratio.

Figure 22.- Aerodynemic charscteristics of the F-86A alrplane; plain flap, 8p = 64°, leading-edge

glats (config, 9d).
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{(c) Variation of horsepower required for level flight with velocity.

Figure 22.- Concluded.
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(a) Variation of 1ift coefflclent with angle of mttack, drag coefficient, and lift-drag ratio.

Figure 23.- Aerodynamic characteristies of the F-86A airplane; plain flap, 5p = 55°, leading-edge
camber, suction-flap BIC (config. 10m).

gl

TTLLGY WY VOWN




NACA RM ASTL1L

T

3200
2800
= 2400 Carrier landing
= approach speed
e Pilots
S 2000 |-\ AV — |
N Bl A1D I
MIEn
1600
(v) Variastion of airplene drag with velocity.
2000
1600
Q.
=
:o 1200 Carrier landing
>l approach speed
1S Pilots
" Av —
800
C "
o A Pt
— L
400 Min |
80 S0 100 (e 120 130 140
V, knots

(e) Varistion of horsepower required for level flight with velocity.

Figure 23.- Concluded.
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(a) Variation of 1ift coefficient with angle of attack, drag coefficient, and 1ift-drag ratio.

Figure 24.~ Aerodynamic characteristics of the F-86A airplane; plain flap, 8p = 55°, lesding-edge
camber (config. 10b),

TTILEY WY VOVN




NACA RM ASTLIL s 1. 79
3200
2800
2400 r
= Carrier landing
o approach speed —
jw]
5 2000 Pilots Av _| ,‘/
/
h 5 420 -
M{n | I
1600 L ,
(b) Variation of airplane drag with velocity.
1600
2 1200 Carrier landing
R approach speed
L() -
g Ik Pilots |
HlN 800 e —
B "?_Ll—l//
—
400 ull |
80 20 100 HHO 120 130 140 150
V, knots

(c) Variastion of horsepower required for level flight with velocity.

Flgure 24.- Concluded.
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(a) Variation of lift coefficient with angle of attack, drag coefficient, and lift-drag ratio,

Flgure 25,- Aerodynsmic charamcteristics of the F-86A alrplane; plain flap, o = 550 ; leading-edge
cember, fence, suction-flap BILC (config. 1la).
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(c) Variation of horsepower required for level flight with velocity.

Figure 25,.,- Concluded.



1.6
1.4
Approach
| ongle /\‘ //-\‘ /_\\
of attack //
1.2 —Pilofs// -
8 /
oA -
G, 1.0 AL / ~Max
7 Av /

0 4 8 12 16 20 5 6 7
a, deg L/D
0 04 08 A2 c 16 20 24 .28
D

{(a) Variation of 1ift coefficient with angle of attack, drag coefficlent, and lift-drag ratlo,

Figure 26.- Aerodynemic cheracteristics of the F-86A airplane; plain flap, Gp = 55° y leading~edge
cember, fence (config. 11b),
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(c) Variation of horsepower required for level flight with velocity

Figure 26.~ Concluded.
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(a) Varietion of lift coefficient with angle of attack, drag coefficient, and 1lift-drag ratio.

Figure 27.- Aerodynamic characteristics of the F-86A airplane; plain flap, Bp = 64°, leading-edge
camber, fence, suctlon~flap BLC (config. llc).
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(e) Variation of horsepower requlred for level flight with velocity.

FPigure 27.~ Concluded.
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(e) Veriation of 1ift coefficient with sngle of attack, drag coefficient, and lift-drag ratio.

Figure 28.- Aerodynsmic cheracteristics of the F-86A alrplane; plain flap, dp = 64°, leading-edge
camber, fence {config. 114).
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Figure 28.- Concluded.
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(a) Variation of 1ift coefficient with angle of attack, drag coefficient, and lift-dreg ratio.

Pigure £9.- Aerodynamic charecteristics of the F-86F airpleue; slotted flap, Bp = 38°, suction
leading-edge BLC (config, 12a).
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(¢) Variation of horsepower required for level flight with velocity.

Figure 29.- Concluded.



1.6
1.4
t.2
T Ny . LT N

1.0 }=Approach angle ~ '// ™~ \\

) of attack )

Pllots )—Max

.8 /f' /
_ v 7 //

6 |

0 4 8 12 6 20 3 4 5 6 7

@, deq lVb

o .04 08 12 16 .20 24 .28 .32

(a) Variation of lift coefficient with angle of attack, drag coefficient , and 1lift-drag ratio.

Figure 30.- Aerodynamic characteristice of the F-86F -airplene; slotted flap, 8y = 38°
{config. 12b),
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(¢) Variation of horsepower required for level flight with velocity.

Figure 30.- Concluded.
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(a) Varietion of lift coefficient with angle of attack, drag coefficient, and lift-drag ratio.

Figure 31,- Aerodynamic characteristics of the P-B6F airplane; plain flep, Bp = 55°, leading-edge
slate, blowing-flap BLC (config. 13a).
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(c) Variation of horsepower required for level flight with velocity.

Figure 31.- Concluded.
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(a) Variation of 1ift coefficient with angle of attack, drag coefficient, and lift~drag ratio.

Figure 32.- Aerodynsmic characteristics of the F-86F airplane; plain flap, Bp = 55° » leading-edge
slate (config. 13b).
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(c¢) Variation of horsepower required for level flight with velocity.

Figure 32.- Concluded.
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(a) Variation of 1ift coefficient with angle of attack, drag coefficient, and lift-drag ratio.

Figure 33.- Aerodynamic characteristics of the F-86F airplane; plain flap, 3p = 66°, leading-edge
slats, blowing-flap BLC (config. 13c).
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Figure 33.- Concluded.
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(c) Variation of horsepower required for level flight with velocity.
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(e) Variation of 1lift coefficient with angle of attack, drag coefficlent, and lift-drag ratlo.

Figure 34.- Aerodynamic characteristics of the F-86F airplene; plain flap, 8, = 66°, leading-edge
alats (config. 13d). :
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(c) Variation of horsepower.required for level flight with velocity.

Figure 34.- Concluded.
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(a) Veriation of lift coefficlent with engle of atteck, drag coefficient, and lift-drag ratio.

Figure 35.- Aerodynamic characteristics of the F-86F mirplane; plain flap, 8p = 55°, 6-3 slatted

leading edge (config. 1ha),
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(c) Variation of horsepower required for level flight with velocity.

Figure 35.- Concluded.
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(a) Variation of lift coefficient with angle of attack, drag coefficient, and 1ift-drag ratio.

Figure 36,- Aerodynsmic characteristics of the F~86F airplane; plain flap, 8, = 559, 6~3 slatted
leading edge, blowing-flap BLC (config. 1kb).
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(e) Variation of horsepower required for lewvel flight with veloecity.

Figure 36.~ Concluded.
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(a) Variation of lift coefficient with sngle of attack, drag coefficient, and lift-drag ratio.

Figure 37.~ Aercdynamic characteristics of the F-86F airplane; slotted flap, Bp = 38°, 6-3 slatted
leading edge (config. lhkec).
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(c) Variation of horsepower required for level flight with velocity.

Figure 3T7.- Concluded.
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(a) Varilation of 1ift coefficlent with angle of attack, drag coefficient, and lift-drag ratio.

Figure 38.- Aerodynamic charamcteristics of the F-QUC airplane; split flap, Bp = 45° (config. 15a).
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(e¢) Variation of horsepower required for level flight with velocity.

Figure 38.- Concluded. -
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(a) Variation of 1lift coefficient with angle of attack, drag coefficient, and 1lift-drag ratio.

Figure 39.~ Aerodynamic characterigtics of the F-94C airplane; split flap, 8f = h5°, gpeed brekes
(config. 15b).
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(e¢) Variation of horsepower required for level flight with veloclty.

Pigure 39.~ Concluded.
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(a) Variation of lift coefficient with angle of attack, drag coefficient, and lift~drag ratio,

Figure 40.- Aerodynamlc cheracteristics of the F-100A airplsne; leading-edge slets (config. 16a).
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(c) Variation of horsepower required Ffor level flight with velocity.

Figure 40.- Concluded.
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(2) Variation of 1lift coefficient with angle of attack, drag coefficient, and lift-drag ratio.

Figure 41,-

Aerodynamic characteristics of the F-100A airplane; plain flap, 8, = 45° s leading-edge
slets (config. 16b).
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Figure Ul.- Concluded.
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(a) Veriation of 1ift coefficient with angle of attack, drag coefficient, and lift-drag retio.

Figure 42.- Aerodynsmic characteristics of the F-1004 eirplane; plain flap, 8, = 459, leading-edge
slats, blowing-flep BIC (config, 1be). -
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(¢) Variation of horsepower required for level flight with velocity.

Figure L42.- Concluded.
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Reasons for limiting approach speed

O Ability to control altitude — No BLC
® Ability to control altitude — BLC operative
O Stall proximity - No BLC
® Stall proximity - BLC operative
A  Factors other than ability to cohtrol altitude or stoll proximity
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Figure 43.~ Comparison of average flight approach speeds with approach
speeds predicted by various criteris.
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Reasons for limiting approach speed

O Ability to control altitude - No BLC .
® Ability to control caititude — BLC operative

O Stall proximity - No BLC

W Stall proximity — BLC operative

A Factors other than ability to control altitude or stall proximity
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Figure 44.- Comparison of flight approach speeds for individual pilots with
values predicted from 1L.15 VSC " approech-speed criterion.
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Reasons for limiting approach speed
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Figure 45.- Comparison of flight approach speeds for individual pilots
with values predicted from 1.15 VSPA approach-speed criterion.
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Reasons for limiting approach speed

o Ability to control altitude - No BLC
& Ability to control cltitude — BLC operative
O Stall proximity - No BLC
®  Stall proximity - BLC operative
A  Factors other than ability to control altitude or stall proximity
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Figure 46.- Compariscn of flight approach speeds for individual pilots with
values predicted from 1.15 vspilot a\;‘ approach-speed criterion.
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Reasons for limiting approach speed

o Ability to control aititude — No BLC
@ Ability to control altitude -~ BLC operative
o Stall proximity - No BLC
B Stall proximity - BLC operative
A Factors other than ability to conirol altitude or stall proximity
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Figure 47.- Comparison of £light spproach speeds for individusl pilots with
values predicted from the McDonnell approach-speed criterion.
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Reasons for limiting approach speed

O Ability to conirol altitude — No BLC
@ Ability to control altitude — BLC operative
O  Stall proximity - No BLC
®  Stall proximity - BLC operative
& Factors other than ability to control altitude or stall proximity
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Figure 48.- Comparison of flight approach speeds for individual pilots
with values predicted from the rgte of change of flight-path-angle

(V}=o.oso) approach~speed criterion.
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Reasons for limiting approach speed

C Ability to control altitude -~ No BLC
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Figure 49.~ Comparison of flight approach speeds for individusl pilots with
values predicted from minimum-drsg spproach-speed criterion.

.



12k . P NACA RM A5TL11

Reasons for limiting approach speed

C Ability to control altitude -~ No BLC
® Ability to control altitude ~ BLC operative
O Stall proximity - No BLC
®  Stall proximity = BLC operative
A  Factors other than ability to control altitude or stail proximity
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Figure 50.- Comparison of flight approach speeds for individual pilots with
values predicted from maximum 1ift-drag ratlo ayproach-speed criterion.
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Reasons for limiting approach speed

© Ability to control aititude - No BLC
® Ability to control altitude — BLC operative
O Stall proximity - No BLC
u  Stall proximity - BLGC operative
A Factors other than ability to control altitude or stall proximity
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Figure 51.~ Comparison of flight gpproach speeds for individual pilots with
values predicted from minimum-horsepower spproach-speed criterion.
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Figure 52.- Comparison”of pilot~aversge stall speed with calculated power-
approgach stall speed.
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